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Nationality: U.S. Citizen 
Marital Status: Married, 2 children 
Military Status: Captain, U.S. Army, Honorable Discharge, September 1967 

EDUCATION 
B.S.: University of Missouri, 1962, Honors in Chemistry 
Ph.D.: University of California (Berkeley, 1965, W.G. Dauben) 
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Postdoctoral: Harvard University, 1967-1969, E.J. Corey 

EMPLOYMENT 
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Mass., 1967-1969. 
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Meeting in Los Angeles 
Gordon Conference on Hydrocarbon Chemistry 
Gordon Conference on Scientific Information Problems in Research. 

. 
. 

. 

. 

- - I  _ 



2. I’pI!sc!nl- su)‘po’t. of tIlLi s rc.sc:1rch : NIlI I:l:oof,'(:: I? i.cr!lo?,.'- I i "t' (;l-;:pI!-i r.s 

l~cso~~rcc. at l’riuccton, al)provcd iI1 NOVCIII~~L~I- l”,I)(): CII~. ,.;I: ” I; j y(:,~c:; 

(see AppcnJ ix I ). Dr. Wi pkc is moving crokn l'rinct:ton to t-!.:!: I!nivc:r::iLy of 

California at Santa Cruz in Augrlst l')'(s). Bccausc Of tl1j.f. ;.a.,c 2 new application 

for computin:; support lias not yc.t. hcen sulxnittctl . 

An cxpc'rimcntal synt11csi.s project for carrying out ;I 5Z:":; :l(:l-ivc:d 

synthesis tdlich occasionally requires computer confur~~l;~Lj 03 21 and ysi :; j., 

supported by NIlI GM 20~10-01. ;,tr ,I' I.C~ r 3 A! 

Dr. Gra),arn Smith, a postdoctoral fellow, is sr~pport!:tl 1;~ ;I,! II:14 .:l.l(iw- 

ship (salary @OOO). ' )/ il .! I 'I 
Dr. Hartmut Braun, a visiting fellow, is supportctl 13~ LJC:citsche 

Forschungsgemeinschaft . ( ?I ,c ? :, 'I ,I 

3. The relevance of this research to the AIM of SUMXX is cl~zr ;lud ?:rong. 

Organic synthesis is the source of many new iucdic::inc?s :2:/I rler: ify.i-:g n 

synthesis is a very difficult high level intellect!lnl task reci\liri,g l:.~uristic 

search and other techniques of AI. Our approach to this prolilcm requires an 
\ 

interactive system with large memory, large file space, high Icvel In,xgt~ages, 

and support of remote interactive graphics. UCSC has only a small 3’,f’Oo/lh’j, 

and a PDP ll/)cg (limit of 8 K words per user) available, both 01 which are 

unsuitable for this research. 

B. Collaborative Community Building 

1. SECS will be capable of deriving syntheses of nearly z:n>* rcasonablc size 

organic molecule (less than 72 non-hydrogen atom). Addi!: i.ona11y~ we have 

demonstrated its potential utility in other areas such as mass spcctr-;?. fr.:g- 

mentations, molecular rearrangements, biogenesis, and biosolci*lrlar nio3cljn~. 

The SEhfi algorithm in SECS which generates a stereochemically unique rcprcscnt- 

ation for any organic molecular structure is useful to any biocliemical inrorul- 

ation system. (See Appendix II). The stereochemical algoritllmr, developed in 

SECS are going to be useful for enabling DENDRAL to generate stereoisomers. 
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Pl-o~rnlll Name use s OUlYCC? --. -- -_-- 

CONCI:N For strklci !ral clklcidation su111:~' 

ORTEP For structure plotting c. I 011~ 

RE COG For pattern recognition LTA 

PNMR For nmr simulation Wil, . 

WATKINS Jlalf tone pictures uta 

DISFIOL Molecular display and interaction Wipkc 

STEIZIC Molecular cartography Wipkc 

*I have DEC SYSTEFI-10 version. 

3. My programs have been made available after publication. For cxamplc, 

GIGL (General Interactive Graphics Language) is used L;,. Princeton, 

Lawrence Livcrmore Laboratory, San Diego, Chicago Circle, and was also sr:nt to 

Case Western. SYIIIN (the synthesis model builder) was sent to Fcldrnnnn (NIH), 

Kowalski (University of Washingtfn), Jurs (Penn State), Chicago Circle, the 

DENDRAL projects, to PROPHET, and to Merck, Sharp, and Dohmc. SECS has been 

sent to Merck, Sharp, and Dohme, University of Strasbourg, E. Merck, (Dcrrxtadt), 

BASF, (TALldwigshafen), and SANDOZ, (Basel). Additionally SECS has been placed 

on the First Data Corporation PDP-10 time sharing system in Waltham for access 

by everyone via teletype or GT 40 graphics terminal over dial up lines. This 

sharing of programs was possible because our programs are written in FOIITRAR 

which enabled transfer to other DEC system 10s and other systems. 

The only difficulties I see in distribution of programs from our project 

vi; 'UMEX are: 

a) Tcnex is not compatible with DEC system 10's. 

b) The large core on TENEX without traditional overlay decreases case 

oi- transfer to "normal" size machines. 

4 The usual difficulties encountered with large programs in getting 

them to run elsewhere. 

d) The need for an operator to mount, dismount and mail out tapes for 

remote SUMEX users. 
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1. Yes, I already have a number of collai-arati.ons in synthesis and drug 

design and anticipate the interest in computer-assisted design of synthesis 

to stimulate more. , 

C. Hardware and Software Ecquircmcnts -'- 

1. I am currently using a PDP-10 (614 K) running 1+S/2 monitor (16 K) with an 

LDS-1 display which provides 118 K memory for a user. WC have: 

1 GTJtO display 3 teletypes 
2 Dee tapes 1 Movie camera 
1 Mag tape 9 trk 1 Cal camp plotter 
1 disk RP02 1 3-D tablet 

2. FORTRAN is our current language. T,ISP or SAIL may be used on an exploratory 

basis, but because of transferability, we will probably continue to USC 

FORTRAN-. 

I estimate my research group (est. 5 people) will require: 

4 cpu cycles: 5-15 hrs/week. 

b) connect time: 3 full time dedicated lines at 1200-2~1.00 band; each 

member of group currently uses about 20 hours/week connect time. 

4 at least one GTJcO terminal, a printer/plotter, and a couple other 

terminals. 

d) disk space of - 8000 pages based on the fact that one version of SECS 

requires about 1200 pages (source, rel., and binary) 

4 O ffline media - will rcq~~irc program listings of about 100 pages/week; 

will require shipping about 2 DJX tapes per week (tapes to be returned). 

My group would need some but not all of this time during prime shift 

(OgOO-1600 PST). We would be willing to assist the community in the solution to 

loading problems. 
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5. This is n rc.r:cnrcll pro.iect, hut programs devclopcd are expected to be of 

value to IAIC mccl:icrll collllnul~ity . I have already faced this problem with 

the pharmaceutical industry which wished to use SECS for desi.gn of drug 

syntheses - tlw. solution was to place SECS on a commercial timesharing system 

so production work was rcmovcd from a research machine. 
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S j.mul:~tj.o,1 and Ev;ll.uat:iou of Chemical Syntllescs (SI<C,P, ) 

W, Todd Wipke 

The dcvclopmcnt of new drugs and the understanding of how drug structure i.s 

related to 1~inlog:i.cal act:ivity depends upon the chemist's ability to synthcsizc 

new molecular structures and to modify existing ones or naturally occurring ones;. 

Developing a synthesis requires knowlcdgc of chemical transformations, knowl.cd~,c 

of how structure affects chemical reactivity, and a capability for strategic 

planning in a global sense in order to guide starch toward the goal. SECS is 

an interactive program for computer assisted planning of organic syntheses. WC. 

have focused on making SECS very knowledgeable about chemical transforms and 

chemical principles, letting the chemist do the majority of search directjon 

interactively. 

The chemical knowledge of SECS is embodied in a library of chemical trcinsfcrmc, 

written in ALCHJZM, an english like Language for describing chemical reactioils 

including how reactions are affected by their environment. In order to evaluate 

certain chemical questions SECS builds its ovm three-dimensional model of the 

molecule and uses this model then evaluates the question in terms of the model. 

SECS also builds a model of the electronic structure of the molecule in order to 

evaluate electronic properties. Thus at its current level (2.0) SECS can evaluate 

with reasonable success the validity of the chemical inferences that it makes in 

working backward from the. synthetititarget to the generated precursors. Howover, 

its strategy for deciding what inferences to attempt is currently limited to a 

one step look-ahead, the look-ahead being limited to certain classes 01 tran::formr;. 

Cons.equently, certain very interesting solutions are not found, because the 
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cljc:mjs 1: may 1.;t.i .L to explore n precursor for wllich hr. cannot see immediate 

potcxllti;ll value . 

Propos_lfl 

This p-~p~~sal is concerned with exploring syntl,ctic strctt-.c:gics and their 

imp 1 (1111c.n ta 1: i ot I in SSC!; . TllCr:C strntc:gics fall into scvcrnl classes: 1) strat- 

egics of how to simplify the target structure in general terms which correspond 

to long range :>lans; 2) strategies of how to achieve a given plan; 3) strategies 

of how to avoid obstacl.es in a plan (subgoal gcncration); 11) and strategies of 

how to combine man and machine intelligence into effective interactive search 

strategies. These plans can be based not only on the graph theoretic proper- 

ties of the target, IJUt also on the stereochemistry, proximity and steric rela- 
a 

tions, and even electronic properties derived from the models which SECS constructs. 

I believe that strategies should be separate and largely independent of 

the specific chemical transforms. Only in this way can one experiment with : ; 
* 

strategies without modifying the chemical transforms. Similarly in this way, 

one can add new reactions to the reaction library without changing or even 

understanding the strategy knowledge base. This is quite different from the 1. 

embedding of subroutine calls in a giant procedure representing the reaction, a 

technique that only reproduces the fixed sequences programmed in. :I 
I: 

I  The separation of strategic knowledge from chemical reaction knowledge 

becomes crucial as the knowledge base expands to eventually encompass most 

., 

of organic or biochemistry. I believe it is the only way to preserve the !I 

integrity of the knowledge base when many users are independently adding know- 

1 :ge as is now the case. 

The benefit of this research to artificial intelligence may be in the 
I I 

. ;; I’ 
type 4) strategies mentioned above and the interesting model and plan represcnt- 
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ational questions r;iiscd . For clxmistry, this approach wit1 he generating new 

fy3v2ral stratcgic.s for the synthesis of complex organic molecules. It will 

OlSO ill. l.O\d Iii!; I-<!r, tlC~C:llCl~ SCillYCllC:; OIY .rynl.llcsis trees which will scrvc the 

pharmaceutical chemist in designing new drug syntheses. Finally, I believe 

the framework of SECS will be applicable to other molecular task domains such 

as biogenesis and metabolism. 

, i 
i 


